Educators use a variety of practices to train laypersons, medical students, residents, and primary care providers to diagnose skin lesions. Researchers have described these methods for decades, but there have been few attempts to catalog their scope or effectiveness.
These foci do not provide a full examination of the issue. The purpose of the current review is to determine the full scope and effectiveness of educational practices that are used to improve participants' abilities to detect, categorize, and identify skin lesions. As a review of literature, with no involvement of human or animal subjects, the approval of the University of Alberta's Research Ethics Board was not required.
Methods

Search Strategy
We conducted a meta-analysis of the literature cataloged in MEDLINE, EMBASE, CINAHL, ERIC, PsycINFO, and BIOSIS Previews from inception to April 1, 2014. We used terms cognate with the Medical Subject Headings skin disease, diagnosis, and education (see eFigure 1 in the Supplement for the full MEDLINE search strategy). References of retrieved articles were scanned for additional studies. We also examined the articles included in the 2 previous systematic reviews. 5, 6 Inclusion and Exclusion Criteria
We included studies that met 5 criteria: 1. The educational objective was to improve participants' ability to detect a skin lesion, categorize a lesion into a finite set of categories (eg, benign or malignant), or identify a lesion by its name, either through multiple-choice or constructed-response formats. 2. The educational objective was operationalized as the participants' ability to detect, categorize, or identify lesions presented with photographs or patients.
3. The means through which the educational objectives were addressed was described in sufficient detail to allow classification. 4 . The effectiveness of the educational practice was evaluated through comparisons of participants' abilities before and after the intervention or to the abilities of nonparticipants. 5. Sufficient information to calculate a standardized mean difference (SMD) was available in the article or from the authors through a direct request. We excluded studies in which: 1. The intervention used to improve detection, categorization, or identification was not education but rather a technological method (eg, dermoscopy, computer-aided diagnosis). 2. The objective of the educational intervention was to improve the treatment of a skin lesion rather than its detection, categorization, or identification. 3. The objective was to improve the frequency with which participants sought clinical skin examinations, thus improving the rate of detection, categorization, or identification, but not the ability of participants to do so.
Study Selection
Two investigators (L.R. and S.O.) worked independently and in duplicate to screen all titles and abstracts returned by the search query, and subsequently, the full texts of items marked provisionally for inclusion. Disagreements were resolved through discussion. b Task: participants were tested on their ability to detect, categorize, or identify skin lesions. c Duration of the educational intervention. When the data required to calculate an SMD were not included in an article, we requested it from the study's authors, and when information was not forthcoming, we imputed missing information using formulas recommended by The Cochrane Collaboration. 8 Heterogeneity was assessed using an I 2 statistic. An aggregate effect size was calculated, as were effect sizes for each of the educational practices. Additional subgroup analyses were planned a priori based on a review of previous meta-analyses of medical education topics. These included subgroups for duration, study design, population, and assessment task.
Results
Study Characteristics
The initial database queries returned 2758 unique items. 5, 6 Ultimately, 37 studies met all inclusion criteria ( Table 1) .
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A flowchart tracing the selection process is available as a supplement (eFigure 2 in the Supplement).
Methodologic Quality
The methodologic quality of the studies was measured with the Medical Education Research Study Quality Instrument. Conventionally, this instrument offers a possible score of 18; however, one of its dimensions-response rate-was not relevant to the designs included in this review. This reduced the total possible score to 16.5, which was standardized to present a score out of 18 that could be compared with other reports.
Among the studies included in our review, scores ranged from 7.09 to 18.00, with a mean (SD) of 11.09 (1.97) (eTable 1 in the Supplement).
Populations
Four types of learners participated in training. The frequency (f) with which they are represented in our review is as follows: medical students (f = 12), primary care providers (f = 10), laypersons (f = 9), and residents (internal medicine residents, f = 3; primary care residents, f = 2; and family medicine residents, f = 2).
Scope of Educational Practices
Seven educational practices were used to enhance participants' skills. The practices, their descriptions, and the frequency with which they appear in the literature are presented in Table 2 . Lecture was most frequent, while moulage was the least frequent.
Effect
The effect of the interventions, pooled across populations and educational practices, was large: SMD = 1.06 (95% CI, 0.81- Heterogeneity was large (>50%) in the aggregate analysis and the analysis by educational practice and population. It was not attenuated by subgroup analyses, which included analyses by study design (single-group, pre-post, randomized controlled trial, or controlled trial), study quality (low or high), task (detect, categorize, and identify), or response format on pretests and posttests (multiple-choice or constructed response).
Discussion
The purpose of this review was to investigate the scope and effectiveness of the educational practices that are commonly used to improve participants' abilities to diagnose skin lesions. Five practices were recurrent in the literature: dermatology electives, lectures, computer-based learning, pamphlets, and multicomponent interventions. Dermatology electives and multicomponent interventions had large effects, improving participants' abilities by 1½ to 2 SDs. Computer-based learning, lectures, and pamphlets had moderate effects, improving participants' abilities by half a standard deviation. tion may account for the association between the variety of educational activities and learning. One model suggests that diagnosis draws on 3 types of knowledge: basic science (eg, physiology, anatomy, and microbiology), clinical (eg, manifestations of disease and epidemiology), and experiential (eg, exemplars and cases). 48 In this frame, the dermatology electivecomprising supervised direct patient care, lectures, readings, demonstrations, and various types of rounds-is most likely to equip trainees with each type of knowledge. Although the dermatology elective is an option only for medical students and residents, multicomponent interventions incorporate a variety of educational activities, and they also generate large effects with laypersons and primary care providers. In addition to the number of components, learning was associated with the duration of training-the median durations for multicomponent interventions and dermatology electives were longer than they were for the other practices. Duration, however, may be an index to the volume of lesions that trainees encounter, and volume may be the variable that is associated with learning. Several theories of expert visual diagnosis stress the importance of diagnosing large numbers of lesions in developing a mental library of lesions, mental prototypes of lesion categories, implicit rules for categorizing lesions, or changes in one's visual information processing structures and mechanisms. 49, 50 This account is speculative. Few studies provided the precise number of lesions that participants encountered. Despite its educational advantages, dermatology educators are not focused only on comprehensive approaches to training. Many studies were conducted explicitly to investigate the effectiveness of brief, inexpensive interventions. Computer-based learning (with a median duration of 45 minutes), lectures (with a median duration of 45 minutes), and pamphlets (with a median exposure time of 5 minutes) yielded moderate effects across contexts and types of learners.
There are limitations to these conclusions. To synthesize the literature through meta-analysis, we excluded a large number of studies of educational practices in dermatology. Qualitative studies were excluded altogether, as were quantitative studies designed in a manner that did not produce statistics required for meta-analytic procedures. Furthermore, within this subset of studies, we excluded research on a broad range of outcomes that are studied regularly, including trainee knowledge, confidence, and lesion treatment.
In addition, heterogeneity was large in the main analysis and the analysis by educational practices. This draws attention to variance at 3 levels: effect sizes varied between educational practices, within each of the educational practices, and between participants engaged in a specific intervention. This is consistent with previous meta-analyses of medical education issues whose authors have identified several predictable sources of variation, including learners, content, instructional design, research methods, and outcome measures. [45] [46] [47] Among the studies in the current review, each of these sources of variance were apparent. The main analysis encompassed 4 types of learners, 7 educational practices, several categories of lesions, 3 research designs, and 37 researcher-designed outcome measures. Subgroup analyses did not eliminate the heterogeneity because several sources of variance operated concurrently. A sufficient number of studies were not available for nested subgroup analyses. However, despite the prevalence of clinical, methodologic, and statistical heterogeneity, our estimates of the mean effect sizes for the main analysis and the analysis by educational practices were robust and interpretable. A pervasive source of variance that should be addressed in subsequent studies is the difficulty of the diagnostic task.
Between studies, participants were required variously to detect a lesion, categorize a lesion into 1 of 2 categories (eg, benign or malignant), categorize a lesion into one of several ordinal categories (eg, do nothing, keep an eye on it, show someone else, show physician at next visit, or show physician immediately), identify a lesion using multiple-choice format, or identify a lesion using constructed-response format. Although our subgroup analysis did not establish a systematic re- lationship, presumably these tasks are increasingly difficult for participants. Another source of variance in task difficulty was the type of lesions included in the tests. Among the studies that presented data on the participants' abilities to diagnose specific types of lesions, it was apparent that some were more difficult to identify than others, and that for some of these lesions, abilities did not improve substantially through training.
The study quality instrument we used underscores this problem on the dimension labeled validity of evaluation instrument. Of the 3 points that are available for this dimension, the mode across the included studies was zero. Scoring well on this dimension would have meant providing evidence of the soundness of tests that were used to estimate participants' abilities and thereby the effectiveness of the interventions. Subsequent studies should provide evidence that the tests are reliable measures of participants' abilities and that the types of lesions, their instances, and quantity are adequately representative. Together, the test's properties should lead to appropriate decisions about test-takers' abilities. The American Board of Dermatology provides guidelines for test development, and the literature includes studies that exemplify this process.
Subsequent researchers should also consider framing their investigations in theories or models of visual information processing, perceptual learning, or diagnostic image interpretation. Researchers from diverse fields, including medical education, have been examining these questions for decades, and several conceptual frameworks are available to guide the design of studies and the interpretation of results. [48] [49] [50] Such frameworks are useful for synthesizing disparate observations and building a body of literature that is unified, generalizable, and progressive.
Conclusions
The early detection and accurate diagnosis of skin lesions has a substantial effect on patient outcomes and health system resources. There are a number of approaches to imparting these skills, and a review of 4 decades of evaluative research suggests that some approaches are more effective than others. The most effective approaches engaged participants in a number of coordinated activities for a substantial period.
